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(57) Abstract: 

PURPOSE: To obtain a quartz glass free from double 
refraction due to residual stress in the glass and 
dispersion in refractive index due to the heat history. 

CONSTITUTION: When columnar quartz glass stock is 



heated and held for a certain time to produce a 
strain-free state and then the temp, is dropped to 
obtain quartz glass, the ami of impurities bonding 
directly to Si in the quartz glass stock is reduced 
to ^150ppm. 
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9*fc*5V*T. BW3Mf S i b 

[HMt£2] WIB^*fi«^tt. OH. H N Xt/AP^ 

«~TCfcS r. £r#® t -ran 1 (-IB*^^^ 

9*fc:*5i*T, K^tf?******. S i teitSSjfre>b 

[0 0 0 1] 

co-cfcSo 

10 0 0 2] 

ft^fltaftSo #»Sfcf^(Cj;or, #^***CD^3® 

So 

[0003] «*©»»iftf^r±, *;K«iffl©«iixsfc: 

[0 0 0 4] 

*?*ftffl&te/fli^&;h,£as, ^rO^-Cfc^WHt, o 

x &&m$r j &&nm\z x s mvr&<D a e> o % ^ ft v ^ r t 

as0*bl\> 

[0 0 0 5] b^bft^fe. «*o«JS*»ic*v^r 



[00 0 6] r. ©»«jcSAco5F*fl!J/jr^fcfiH Lt, 
rcoj: pftft^tf^SrU^X^ LTffll^S 
{-®#r U u vXfc: J: S^OB5^iEtf£{£-c * ft v ^ v ^ 
10 ^7^rt(c»9jcSA^ttflijft^ds&s 

[o o o 7] ^mm<onm^ ±m<DXo^mm^m^: 

So 

[0 0 0 8] 

20 fj5»£\ an»a— 3ewiwfiy*b, *s««cLt35»fe 
*vrv^<fc«>, ?Bffi^Kas#£b-tcDj|fes, «e/£*a* 

[0 0 0 9] b*>U *3S;tf 9 »i&iiIS£r 

»< brt>— ftii[«T^»«j«A*s»fi>bftv^t>«>^*> 
ofc 0 ^rr-c, $^^^ft#^(D^m, 
^o<t 5ft^^7^rtftJc#ffi"t-SJH^^*fcfiEa-*- 
r(0±5ftMJBojRHt?«>*c:i:«rA 

30 v\Kbfc 0 

[0 0 10] J:oT, rp3ft*tco^35^f9^ 
*«-SriPS»bT— «l^n«»b, SSttffilctXd^* 
fflbr#e>tt«^3£^9^Jc:*3V^T, »W5S;tf7;**8" 

S i ^H^^Lfc^F*fi^^cD^^ 1 5 Oppm 
HTTfcSr £ £r#m<t-r£^!S;tf (ft ^ 1 ) 

zmm-tZo s i ^mm^-r^mm^t b-cr*. 

OH, H, &5V^ttCl, F4^AP^fe5 0 - 
Hfett, M7-^«Jt*«J»fU S i ifctebTV* 

So 

40 [ooii] tst>\^ j£mwmt>te, mmmmmfcn 

*W^*bTV^5*9^t?*>ixtf. tttjcfiBg^SJBSf 

S*ftv^^iSr^v^Ubfc 0 )6¥#7^ttwyXitT 
ffi*>*i/S»^dS|$i^if-e % v^>-XttlHlte*t5»ft»*tS: 
bT*5i9, it^fflWttlHlte^^ftSJ;^^^ 
So **<OSWttlHlte»W-ftSJ:5fcfi 1 

^So t^oT, m$tm&®mttmz.i-i%\^ visx* 

50 [0 0 1 2] ±ot, *»Wf4, rpje«©^/f^^ 
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J4, s i (cE^-a-bfc^F*fi^^w5>**s^^li;-e 

-rs *>©-?#>&. r r-c. mm*tmkte. 
*rt*ia*t«w*ffl»f*»*i:r±» «*.«, 

^©*/>£#5 2P3©3*g^£ 2R©5Pi$¥@©it^ 
[0 0 13] 

?xfcJ:oT*©*eil^!*J*jfe3j£fc#Jtb'T\ 
##7;*-?f4400~700'C. ^^^f9^t?«1000~1200'C 

[0014] sat, »aa«*ai< ^tfjB*f**tt/> 

^*s#ft-r^t. #9*ftS$©fMf-<fc5SS*§Si^35 
<LT^^fLTL4 5 0 £*U4, li*SIs£©Sfr 

*v^n 1 1 pi*©**-?*)*. 

[0 0 15] ^tf?***, %4it£S i 0,1£— JSfeS)-? 
*>5fce>»2\ rwiSfcJMfctt&Cfcv. b*»U JUKI 
©^7^liOH, H, CI, F, fc5V>{4, Wfr& 

mz£ *>&)££tvtt2i#7Xi-i. OH^lOOOpp 

©ffl^^fifSr^o;^ rfrfew^jD&BlttS i -0*£ 
-a-Sr^t), S i kiS»tt£-b-CV fefrS. 
[0016] r ©J: 5 **#M*>fc*»*l4, tt&ftHffi 

T, »K#^*Jj:-t-*/hSv\ r*v{4. -hlE©«i£© 
S i -0^|3±©^««ftt5iJ:tJ;>)g 

[0 0 17] |R^*a«j£A^fcoTt>»*]fe3te*SRfc 




(3) W8-2 6 8 7 2 6 
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*S^SSr#^.*wt{c*5 0 r*v<b©^*6^;a5# 9 ;*.[*) 
-e*&— fc:-&;fi-£;h/o , >5av #*£r#oi LTt> l o o 
»»mKT©ttH-C*>*Lri, it 
»9**Sr*S<-*-ri!9S-HrlBfc45 0 
[0 0 18] &5VM4, £©*i«*>©#*fcialE*W*i: 
•f 5 i t X X) » @|3*^&gM»£3)&ffi Sr^rfS # 9 

Jfl £ bT«V***te-T?t>*©3fc^tBfc*£T3*fcv\, 
[0 0 19] ^^7^rt©JB*f^*^|HME^|j;t?J> 
oT^o. ^OS^JSJf^iSW^tf An=10Xl(r»W 

jRS£te**b-c#Hi"c*>.5. nat©^^ mmm^R 

[0 0 2 0] ^©^ov^-c. ^e>i^tftig-f-s 0 «e#r 
©jB*f3t*»fe*i»«3Mt-c*>*. £©*k mn**&m. 

■f**l«BK:J:orttffiaflr©J|*S**JMf*i», 

icj:e>rte*aa*a«— s©**#*ii»i:s«**t*. i 

©*3fe4:Jl#3fei:©tt4Bafci^ «JB#tS dm/cm, 
30 /£5o 

[0 0 2 1] r^*fb, ^<fflv^f>^^S®^f*©^K 
ft«, ^7^^gP©©*^J:5®yf^MI-i:9^CS'e 

*^*©«wfta[fc*rb*K^«>«. 

[0 0 2 2] fflJf^C^Sf-tttt, )E!)y^77-f-8I 
■e«2x 1 0-6«T^S*^nS o ittSr1gffiSfJ-J;-5 
40 ftftii: Lt> 5 0im©58jA$fiB&<tejebT9iiM-.5 
2 X 1 0-6t42 Onn/cmtcffi^-rSo — JS^fsp 

*-*3fc»ttfc»o©T» % #«B*ttBS©JBW*»*©ilift* 

L/i^ 6, , KUB*f Ht^T©**«tt-fc*5V ^xmU bfc 
M»«Sr»ofc», *«Jfl-©jMli»flKi|t*^Tb*5. 

tt, ®*T^*(c^i-S 2 Onm/cmJ: 9 14 5 
50 *1B*s^St*So 
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[0023] z.tib0m&*7LK. mmm^isxxjm 
m.mmm\i 2 mn/cm«T{-i-;m^3<oft^£fefeas# e> 

[00 24] P$fiCD t £ <D\B\mm*. 1 ~60rpm^^ 
[0 0 2 5] 

[SUS0IJ] ^ V-i? hgxjCj:*). @400mm<K J? £ 150mm 
©^3S#7;*©#£r-a-fi£U;fc„ 0 1 fcjgS-f J; 5 fc, 

ag-C[;il300ppm£~g-;frLTV^;: o #S£&£0<J-CWU @40 
0*. ^^lBOmmW^^^^WO^glS*^, JfctfcW 
-eji©tf<D^^;^?>^^>6^tT. ^200mm<f>, J¥£50mm 

[0 0 2 6] £;ft6><©**«, RtfJt««©^itf5^ 
fee OHS,*<Diajfefil. 3 8 Mm<DKitZ(-J: 9 



[0 02 7] 12 fi^lS'plJfc iUtit^JCD^f^^CO^® 

feLOnm/cm mfrh 5 t?<OS^:ffi) £/h£V\> 

10 Jt«^^tt1ILB^*tt*^T?«>5«JBi»r*t3.8iiii/ 

[0 0 2 8] 

20 _hi--5„ 
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[112] 
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[#fFWjfc©$5ffl] 

[ft** i ] m*mmskm<o ^— vyt&mm uttf £ 



20 



0 p pmEimsr b *%fWLk-rz>ni&g. 
l * \t 2 mmv-erf&GZiX 9 * 3t*9M^©K3i#ifc, 

ito/bS^^ 9 **3tf^-^*#H«T 

Kxmmfi&mvx^.m^^ 5 x 1 owcm 1 

[|ft#£5] ^3S#9**©*?ii#^*Sas5 x l 0 
/ c m' £JLh, OHS-g-^TidS 8 0 0 p p mfiLh 

KfCfe 9 > ttBfr&tf*** 1 0 p p mlZlTXhZ rtS: 

[3§W©P*tB&t&?H] 
[000 1] 

[5IKOM-r5KW^I?] #»93tt:, iSf4 00nm« 
T©Mil/- if, #l:»KrFtL<HAiFx^ 

[0 0 0 2] 

= S i-S i= + hv-+2=S i • 
= S i -O-O-S i=+hv->2 = Si 

[0007] -^tcmrnxmaim^h. &f&&t&?*i3. 



[000 3] ifi*m L S I (DSAW-fbt^VN. ?:r.^_h 

10 /-tOMliv t*©g» (4 3 6nm) , i« (365 
nm) ^e>itA/t?, KrFi^U-f (24 8 n 
m) , t)L<liArFx*i/Tl/-f (19 3nm) 

^SWtCfi:, 1 9 0nmga©S!SE«cJt?©)tSl 

[0 0 0 4] ft&m^btlX^Z&jfcS&tf^XX'l^ 
fcit«KrF «f 24 8nm) ^ArF (i&g: 1 9 
3nm) /£t*(03i#v'^'V'— ^©iS^^/V^r— ^tSrffiW 

•w— <?*%mb vtcft^m&mm-rz&vyt^uttb 

W^n-St, V^5E' -feV^— bWt£ivZ>V&2 1 5 
niiKDMXyKtNBOHC (#$BffiiKR9 v»*/V-) 
b mttlZ>tt&2 6 0 nm©®^*^ MM 

©^dk&i?©Ig!a{c#5o 

[0 0 0 5] rixfeOKiDl^^^-rsSWIttKfltt^ 

= Si-Si ^^^tts^m^^M^fiS^^ S i -o 
-o-s i =T-&£ti*mmmfflmxf&K3:zmiiXi& 

— ■jPJIMtte.fclJS; (1) *s<fctK£ (2) k^-tx 

tu5„ 



30 



[0 0 0 6] 

* (1) 

O • it (2) 



S©^7^ii^^<^ l — iPJSJWteJ:*)* (3) 40 [00 08] 
= Si-0-Si= + h v-^= s i O • + = S i 



* (3) 



[0 0 0 9] SfefcltrB^tteWl::*, -&J**3Wf9:* 
c 1 1 Lt^$#7^ti;#ft l, rcoM-g-^A ★ 

= S i -C 1 +h v-*=S i • -+ 

[0011] 

JS 5 «>©;*/&£ L.xm*<Dj}m&$ifi£frX 

0»J;tfi, ^^9^*{-*m^*5J:t50HSSr 



★ (4) <D£?\zu-*?mMK£r)V)m£h, mmm 

[0 0 10] 
-CI- j£ (4) 

li^v^s, **^H ! -i8j:0»OH36B:i — ifflHJWlc i 0 H 
50 *^Si^ffe J «B)Ka3HaWc»!^HiSSb*CfcsS i • 
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*S*#*.fe;h/CV*.5 0 #i¥3-8 8 7 4 2 

"Ctt. ^^^^^^(CTK^^SrS X 1 0 16 3HV 
c m 3 ^l^tt^oOHS* 1 0 0 p p mEUrg^TS 

£iVX^Z> 0 

[0 0 12] L*>U #PB5p3-8 8 7 4 2m OH 
M3 0 0pp mJK±-^*S-fr5||J6ffJt>|E«SttTV^ 

#*r«*V\fc:X>, aGKtfjtttft;*:* (t+ppmW) 

*«ft^^9^t#s«wt"t?w:, mm 

= S i -C 1 +H20->=S i 
[0 0 15] «or*»B8tt. «*Mftiftft#<ZU — f% 

m4 I M*5l^T2 0 O t C«_h-C*P^3®i-5XS$r-g-tf^ 

-So 

[00 16] SfcK:*»9I»:. WIBifrttfcJ: 9«JfiS*L 

3 0 0-6 0 Ot^IgCtMMLT*^^ 5 
x 1 0Wcm» WJi^^SXS^ip-t Sr 

[0 0 17] Sfete*#HB: % *#Mft«fi*©v~ f»3fe 

T\ iM7^tfO*i^t« J 5X 1 0 16 ^HV 
c m 3 ^_L, OHS^^TS^ 8 0 0 p p mKi^oOH 

# 5 0 p p m«T-C*> 9 . *fi*<&**as 
1 0 p pmHT-Cfc^r fc tfStitS^^?^ 

[0 0 18] 

tetfxik&^mtemnxhtbm&m£th?j;\,\ sici 40 

4 s SiHCl 3> S i H 2 C 1 2 x Si (CH 3 ) C 
1 3 . ^<D4frfbtt, S i F 4 , S i HF 3 . S i H 2 F 
2 , *©7^ft* % Si I,, *<Z>3#ffc«K *<D^n 

[0 0 19] ^Wfcisv^T, *^Sr^A/fc#H^* 
l<{i6 0 0W±, «fcOff*t<ttl 4 0 0t;K±fc 

com, foM%<DmA%mmz.ftotz.)b\^ ^m^s^ 50 
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*-T53MS:£ LT, W*.fi4*HT8-4 0 7 3 6(C*5VNT 

0 1 p pm«T<0^3|^f9^S:iS{igi-S* 

S ;h/C I ^ S # . T/W = 3r is v- 7 rajfrf fc^r >f 

[0 0 13] 

m#H^:T{c^3V^TK^a-eA0^*^ ; 3S-t-i^^^. ft* (5) 

[0 0 14] 

-OH + HC 1 * (5) 

[0 0 2 0] *5l«fcJ:^«. Jfi*^4<D^ftv^j5K 

■fMM5xl0 ls ^/cm 3 £X±l^TZ^b{cJ: 
[0 0 2 1] Se>^*SIMt-*5V^TOHiS«ri«««^'& 

®^*5(t^OH^^-SC0^^5 0 p pm«Ti« 

5o 3taiaffi{c*5(tSOHS-g-^T*<O^Sr5 0 p pm 
KT^t^^ tic J; 9. JB»f*«»<o^*v^Kft^ 

[0 0 2 2] **W^*5V^T. **^#H«TT?<Dj|a 
felMit> 3 0 0-6 0 0tW*U^ 6 0 0tJ; 
D^ffi^ffiV^. *^3g0#(C=S i - S i S i 

[0 0 2 3] *fc*«M^*5*t*^^^f7^tt. ^ 
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Z.ft,t><Df$Mmz.&8 0 0-180 oroffimsr^-r 

[0 0 2 4] 

[sij&#j] «t\ *5lK^P^(-ov^T$e>^^^s^J^c 

[0 0 2 5] (#J1) tefr<DjjmZ-£ 9 , S i C 1 4 

5 cm. fij 1 0 0 cmO^dFLK^^f^^fr^M^ 
#HM*J®l^^«5C*P(CtS:S bfc 0 He^9. 2 y ^ 

dse>2 o < c/^o3sst?i 2 o ots^ati 200 

< C-C2^ra^Lfc^, He^Srloyjyh/u/^ 
0B#IH4ftWbfco - 5 LT#fc;ftfcaM*3S#9*«:. 

7 5 otfcjrtfcbTiaaB^tfi 1 *?*, 250x250 

xl20mm©^!/«CjJiSlfc. 51 « 
1 2 0 0 < C*-Cftffl$it\ Kt3 0t/h r (D?££PiS« 

[0 0 2 6] (#12. 10, ll)^y^A£r9. 2y 
y b/^/ft. *^S«rO. 8 y y h^/^«E*-e«tb 

Sftt><oSrfflI2. Wc/h£&t<£>£r#Jl 0, 

[0 0 2 7] (ffi|3) He Sr y y WW 8. 8 y ^ h/V/ 
£\ zklKftS: 1 . 2 y 5/ h/w/^(Oi«*"C8IEL*:dS 1 

4 5 otstiau roisn o^ra^-r^w^ 

fee 

[0 0 2 8] (#14) «l4:W«o*jS^J:0#e>*ufc 
250X250X12 0mmO^^7^^t^ 
S$J:!9. 2 5 0X2 5 0X3 0mmM^7^^n '7 
^ Sr#J !!> Hi U 0 a t m, 5 0 0 

C^atHftTtt^htt, 2 4 0i*Bft»t5riC 

[0 0 2 9] (#15) «2fcRI««>*jSfcJ:9#e>^fc 
250X250X12 0mm©^J^^#7*{fc©'P'fr 
£££9. 250X250X30 mmCT$^7^^P '7 
^ Sr#J 9ttlU ^eo^a 5, ^ §ttK* lOatm, 5 0 0 
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[0 0 3 0] (W6) W3i:ra*«>ir«6icj:9#6>nfc 
250X250X12 0mm^«^7^^f^ 
<SJ:?K 2 5 0X 2 5 0X 3 0mmOT$#7^/n?/ 
^ Sr-fiO y> ffl U ^cD^n ^ ^ Sr^ijt 1 0 a t nu 5 0 0 
TwaMBftTfc-fe* HT, 2 4 0«?H«Sft6-il- 

[0 0 3 1] (#17) «3iRI«©*jftfcJ:5#fe*tfc 
250X250X12 Omm^^^^^^^ 
10 SB<t9, 2 5 0x2 5 0X3 0mmOT^7^^^ 

[0 0 3 2] (#18) «3 1:n«©*ffi|!iJ:D#e>ttfc 
250X250X12 Omm^^^^^^^^ 
g&<fc«9. 2 5 0X 2 5 0X 3 0mmCT^7^^^ 
^^^fflts *<D^c»^^S:**0. 5a tm, ^y 
?A0. 5atm, 5 0 0t(Df i^TiCt^ MX, 

20 [0 0 3 3] (W9) HeSrlOS^ h/^/^«tt*"T?«lt 
bftdSfe 1 4 5 0t*t#tL, r^MT10B#^ 

#ii tmm^mcxv&f&^tfyx 

[0 0 3 4] (fMB) ^5tt#bftfc^9^^n 
^0>^'fr8B±0, 2 OmmX 2 OmmX lmmOgi 
-g-^JKWfiffl^^^/K 3 0 0 mm <t> x 5 0 mm^W 
*^*»ISffi*^^*5<tV6 Ommtf, X 3 Omm^ 

30 [0 0 3 5] [ffMB 1 ] *^*3fc«W-Ki J: ^?U^*^ 
V\ 2. 7 ^m^S-e<DP^iRfc°— ^d^OHS^ti 
(p pm) £r*#>fc (J. P. Williams e 
t. a 1 . , Ceramic Bulletin, 55 
(5) , PP. 5 2 4—, 1 9 7 6) ) o 
[0 0 3 6] mm 21 9^^*»3£«:fTV\ 
J^l/*^? b/WD4 13 5c m'cDi&SLtf— ?\z.& 0 

fc£8 0 0 cm-^tfcSLtT— ^ I soo fc<0»«Jt 

(= I 4160/ I 800 ) ±9, WHVc 

40 m 3 ] £r*#>fc (V. S. Khotimchenko, 
et. a 1 . , Zhurnal Prikladnoi 
Spektroskopi i, Vol. 46, No. 
6, PP. 987-997, 198 6) 0 **3*ffifcJ: 
^WPSf^5X10W/cm 3 -C&£o 
[0 0 3 7] [WflB3] C r <Dk a*fc*JBV^fcS*Xift 

6^mPS#t^5 p pm-e$>£ 0 

[0 0 3 8] [Wflfi4] 9^>5J-3tJBI^S:fTV\ #£>tb 
50 fcl/— f-*^-^^^^^ b;V^4 9 5 cnf'ftSLtr— 
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M (I.*) *5J;U=6 0 6 cnrMftSLtr— (I 
4 0c m-HRatr— ^3»* ( 1 440 ) t »^f£JtR4 M 

(= I 4* /I«0 ) *5<fctfR«* (= I 606 / I 

[00 3 9] [fFffS] AiFi^fWV — i^Sr 1 0 0 
m J/cm 2 /Pu 1 s e, 100Hz, 1X10' s 
hots IWL, fig^tfim-eco 193 nmgiS^teA 
T 1M (%/cm) Srffffibfco rr-C, A T 193 fi^ 

[0040] [fHB6] 7^'/- TS^tfSrfflV^^/V* 
[fill 
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* tyT'U- h8=i£<fc 9, He-NeW-fS-ftfflLTl 
£> 2 OmmX 2 OmmX 1 mmOOHSI^fiilO^B-if 

©^is-coH^^-iSrjiijeLfc. #e>nfcoHS-&^r 

fi<Dft*1iti:ft/hi£©^ (ppm) OHg-^fi© 

10ppmSriffl^.5ttfctc x ^^sfcHMgL 

[004 1] 
[351] 





nmi 


ms2 


n&3 


SKE4 




W*6 








R 40 S 




AT ltI 




OHft*r*Q*ttsr 


Ml 


3 9 0 


ND 


ND 


0.574 


0. 13 5 


2. 35 






m 


8 2 0 


ND 


ND 


0.523 


0. 113. 


2.13 


2. 8X 1 0" tt 


3 0 


M3 


110 0 


ND 


ND 


0.518 


0,100 


1. 94 






«4 


3 8 0 


1. 2X10 11 


ND 


0.558 


0. 132 


0. 92 






«s 


8 10 


1. 1 x l 0 19 


ND 


0.521 


0. 120 


0. S3 






«e 


1100 


1. ix l 0 18 


ND 


0.515 


0. 10 3 


0.2 4 






mi 


110 0 


1. OxiO ir 


ND 


0.523 


0.118 


0. 59 






ms 


110 0 


5, 0X10" 


ND 


0.518 


0. 122 


1.2 0 






«9 


19 0 


ND 


1 2 


0.621 


0. 148 


5. 9 0 






m o 


8 0 8 


ND 


ND 






2.15 


4. 5X10" 8 


4 2 


m i 


8 10 


ND 


ND 






2.2 1 


9.8X1 0~ s 


115 



[0042] ^^m^<Dm±<ot^^^m^y ^^ummhn 



(72)»H# T¥ *Bg *F^-^(#%) 4G014 AH21 

W^;i|««taSflT»5S;i|B:PWWril50S* 4G062 M04 BB02 DA08 DB01 DC01 

ffi«8^«5£^tfcrt * DD01 DE01 DF01 EA01 EA10 

40 EB01 EC01 ED01 EE01 EF01 

EG01 FA01 FA10 FB01 FC01 
FD01 FE01 FF01 FG01 FH01 
FJ01 FK01 FL01 GA01 GA10 
GB01 GC01 GD01 GE01 HH01 
HH03 HH05 HH07 HH09 HH11 
HH13 HH15 HH17 HH20 JJ01 
JJ03 JJ05 JJ06 JJ07 JJ10 
KK01 KK03 KK05 KK07 KK10 
MM02 NN16 



50 



